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ABSTRACT
1 Department of European and Mediterranean Cultures, University of Basilicata
The  research  intends  to make a  study of  the  interventions of  restoration  realized  in a  sample area,  ("Sassi of 
Matera"). Aiming  to establish an operating methodology with  interpretative and  implementable  rules  for  the 
assessment of the concept of durability and service life in recovery interventions, starting from the preliminary 
phases of intervention and therefore from the project.
It  is  intended,  in particular,  to assess durability of  the  recovery  intervention, analysing  the aspects of  subject 
compatibility, performance harmony and programmed maintenance.  Starting  from an  initial  check based on 
validation of the choices made through on site experiments, laboratory tests respecting the current regulations, 
and  from predictions of  the useful  life of  the used components,  technological  and  subject  compatibility  and 
maintainability of these components. The objective is to formulate implementable technical intervention sheets 
which are an indispensable means for intervention planning and programming.
Underline  that durability of  interventions must necessarily undergo  the control and mastery of  the  traditional 




durability, compatibility, experimentations, traditional and innovative materials, recovery project
In situ experimentations for the compatibility and durability 
of the restorations: the case study of the Sassi of Matera.





link  with  its  place  of  construction,  determined  by 
the  use  of  local  raw  materials  and  the  adoption  of 
technological solutions aiming to control the climate 
and environmental variables as well as by the use of 
recognizable  cultural  forms.  In  the  Mediterranean 





works,  it  is  necessary  to  set  up  the  specificities  of 
the  project,  namely  to  define  the  activity  field,  the 
interrelations,  the  autonomy  and  the  complexity 
of  relations  with  the  entire  environmental  system. 
In  addition,  once  identified  the  interventions  to  be 
carried out, the materials must be chosen according 









components  must  be  integrated  into  the  general 
planning  procedures  of  all  the work  that  is  likely  to 
alter the initial environmental conditions considerably 
because  of  its  nature  or  the  characteristics  of  the 
area  in  which  the  work  is  to  be  carried  out.  From 
this  point  of  view,  the  research  intends  to  define  a 
methodological  approach  to  identify  interpretative 
and  implementable  rules  to  assess  the  concept  of 
durability in restoration interventions. 
The complex of Matera’s Sassi is particularly interesting 
in  terms  of  bio-eco-compatibility.  Indeed,  it  allows 
to  concretely  verify  the  possibility  of  recovering 
according to the nature of  the sites, using materials, 
construction techniques and technologies compatible 
with  the  pre-existing  constructions.  However, 
the  intervention  project  must  be  preceded  by  an 
appropriate diagnostic  campaign  and by  laboratory 
and in situ testing as well.
The need to find out a single planning methodology 
arises  from  this,  in order  to control  the approach  to 
the  intervention  by  regulations.  This  methodology 










Volume 1 Is 1
37
from the idea of execution to the intervention, as well 
as  the management  of  the  intervention  work  being 
undertaken. 
2. THE SASSI OF MATERA
The city of Matera1 consists of several cores that mark 
the different moments of its history. It is a very ancient 
inhabited  place where  it  is  easy  to  see  the  signs  of 
man, from its origins until today. The city is universally 
known for its exceptional historical center, especially 
for  the  two  Sassi’s  urban  layout,  one  of  a  kind,  a 
UNESCO heritage site since 1993.
The  first  human  settlements  on  the  Matera’s  karst 
terraces  are  attributed  to  the  Paleolithic  and 
Meoloitico as evidenced by numerous archaeological 
findings.  During  the  Paleolithic,  the  men  use  the 
caves  and  natural  ravines  carved  into  the  rock  as  a 
refuge. Later,  they began  to prefer higher sites with 
natural  fortifications  and  possibilities  to  control  the 
surrounding  territory.  For  this  reason,  a  prehistoric 
village  developed  on  the  spur  of  the  Civita, 
gradually  assuming  "proto-urban"  dimensions  and 
characteristics  (Rota,  1990).  For  over  a  millennium, 
until  the Middle Ages,  this was  the  form of  the  city: 
the  fortress  of  Civita  at  the  top  and  small  villages 
and  groups  of  inhabited  caves  along  the  slopes  of 
the ravine. The city has always been divided into two 
parts:  at  the  top  of  the  hill  of  Civita,  protected  by 
walls  and  towers,  and  at  the bottom,  along  the  two 
steep  valleys,  the  two  districts  called  Sassi,  whose 
dug  dwellings  are  perfectly  camouflaged  with  the 
surrounding  environment.  In  addition,  the  two 
steep  valleys  were  demarcated  and  defended  by 
natural  ditches  called grabiglioni2.  This  scheme was 
maintained over the centuries and outlined the urban 








A  consumption  mechanism  was  grafted  in  the  two 
Sassi, which determined a  loss of  all  positive  values 












This  situation  of  degradation  and  poverty,  with  its 





Special  National  and  regional  laws  for  the  Sassi 
followed  the  beginning  of  the  20th  century  and 
finally  ended  in  1986  with  the  last  special  law  (the 




Because  of  these  special  laws  and  the  inclusion  in 
the UNESCO world  heritage,  the  Sassi  are  currently 
subjected  to  a  complex  restoration  and  recovery 
action.
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the Murgiana  platform,  the  Apulo  foreland  and  the 
Bradanica  foredeep.  In  fact,  it  is  characterized  by 
outcrops belonging to the two geological domains: 
1.  the  limestones, which  are part  of  the  Limestone 





In  the  area  of  the  Sassi,  the  stratigraphic  clearance 










The  originality  of  the  morphological  configuration 
of  this  settlement  is  due  to  its  development  along 





with  the  calcarenitic mass  that  constitutes  the  basic 
element  of  the  buildings.  In  fact  calcarenite,  which 
offers digging precision  and  satisfactory guarantees 
of  geo-technical  stability,  has  enable  new  caves  to 
be  added  to  the  natural,  existing  ones,  treating  the 
excavated part according to the same formal schemes 
of the built architecture.
Moreover,  calcarenite,  in  addition  to  preserving 
the  dug  interior  by  significant  water  infiltration, 
allows  the  temporarily  flowing on  the  surface of  the 
rainwater, which gazes on the natural fractures of the 
rock  and  then  is  collected  in  several  tanks  with  the 
typical bell  shape of  the Sassi dwellings.  This urban 
plant, punctuated by a  succession of  fluvial or man-
Figure 3.
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made  terraces,  is  articulated  by means  of  a  vertical 
succession  of  levels,  sometimes  excavated  or  partly 
excavated and partly built, the number of which varies 
in the districts on the basis of  the original shape and 




set  side  by  side  and branch  out,  intersecting  in  the 
most varied ways. They are characterized by various 
forms and a planimetric evolution, which is sometimes 
extremely  irregular. They are clearly  fixed  from  time 
to time during excavation works and imposed by the 








relations  and mutual  assistance  in which  the private 
space was to merge to coincide with the public one.
Figure 3.










The  cave-dwelling  was  enlarged  by  digging  in  the 






The  elementary  basis  we  find  even  in  the  most 
developed  houses,  palaces  and  high-class 
architectures, built  in  later  times with  respect  to  the 
first housing-settlement in the Sassi.
This  points  out  the  building  structural  regularity, 
constituted by a single material, the tuff; everything is 
made of blocks of tuff, from small decorative elements 
to  the  partitions  of  a  house  until  the  entire  urban 
aggregate (Giuffrè, 1997). 
40
3. THE CALCARENITE, A CONTINUOUS 
DEGRADATION MATERIAL
3.1 CALCARENITE
The  stone  mainly  used  in  the  construction  of  the 
Sassi  is  the  so-called  “Matera  tuff”,  a  tender  rock, 
which is easy to work, which physical and mechanical 
characteristics  are  of  increased  or  decreased 
resistance depending on where the rock comes from 
and where it is extracted.
The  calcarenites  are  soft  and  porous  detrital  rocks 
constituted of at least 50% by limestone granules with 
organic and /or inorganic origin, immersed in a calcitic 
cement  and/or  in  a  fine-grained6  limestone  matrix. 









with  a  slight  pressure  of  the  hand.  The  differential 
erosion,  which  hydro-weathering  agents  operate 
on  the  rocky  surfaces,  accentuates  this  property 
(Cotecchia, 1975).
The use that was made of this rock tended to enhance 
these  special  features;  in  fact,  the  blocks  with  a 
harder  and  more  compact  appearance  were  used 
for the layer of foundation to support the loads from 
the upper walls and to oppose increasing resistance 
to  the  capillary  uplift  of  the water  in  the  ground;  in 
other  words,  they  were  used  to  create  architraves 
for  the doors and windows or  to create  the steps of 
the  external  stairways  to  access  the  houses  and  for 
greater resistance to wear and to atmospheric agents.
3.2 THE DETERIORATION OF THE WALLS
Construction  in  the  Sassi  is  almost  exclusively 
made  with  calcarenite.  Thus,  knowing  the  physical 
characteristics  of  the  compressive  strength  of  this 
material  means  to  know  the  possible  causes  of 
instability and degradation present on it.
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causes  (eg.  The  dissolution  of  CaCO3),  produces  a 
remarkable  drop  of  the  physical  characteristics  and 
mechanical  strength  of  the  construction  elements, 
with consequent sagging and breakage, which occur 
with  greater  frequency  in  the  areas  in  which  these 
homes are still in a state of abandonment.
But  the main degradation  is due  to  the presence of 
water,  poor  ventilation  and weatherability,  and  they 
are manifested  in  the  form of black  crusts,  runoff of 
surfaces,  alveolization,  microbiological  alteration, 
saline efflorescence, mold and lichens.
The  dissolution  of  calcium  due  to  acid  rain  occurs 
on  the  outer  surfaces.  This  phenomenon  causes  a 
further  increase  of  the  porosity.  The  condensation 
phenomena  occur  on  the  repaired  surfaces  and, 
by  depositing  of  the  particles  suspended  in  the 




of  calcarenite,  filled  with  mud.  It  is  caused  by  the 
internal movement of the moisture, which causes the 
crystallization  of  soluble  salts  with  the  consequent 
phenomenon  of  efflorescence.  This  phenomenon  is 
also accentuated by small eddies that the wind creates 
into  the already  formed cavities causing an effect of 
mechanical  abrasion  by  particles  suspended  in  the 
air.  Another  widespread  degradation,  present  both 
inside and outside of  the hypogeal environments,  is 
the microbiological  alteration  that  causes darkening 




4. THE PROPOSED INTERVENTION
Interventions'  durability  is  linked  to  the  response 
of  the  new  elements'  disposal  when  becoming 
integrated  both  dimensionally  and  functionally  in 
the  pre-existent  building  according  to  a  particular 
service  program,  therefore  according  to  a  suitable 
compatibility.  Considering  the  Sassi  of  Matera’s 
values,  the  intervention  suitability  is  not  only  the 
efficiency procedures choice of the required services, 
but it becomes a precise study about the customer's 
needs  and  the  possible  technological  choices  in 
Figure 8.
Compartment subject to 
intervention
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order  to  satisfy  them  coherently  with  pre-existent's 
architectural  features.  For  the  shape,  typology  and 
structure  of  the  Sassi  of  Matera,  the  research  has 
concerned  the  durability  assessment  in  recovery 
interventions, carried out or going  to be carried out 
on  the  tufa  wall  with  its  trimmings  (Guida,  2007). 
The  intervention  aimed  at  the  restoration  of  the 
Sassi  must  be  understood  as  a  quality  research  in 
the  transformation  and  renovation  of  the  recovered 
heritage. This can only be done by applying already 
proven  operational  methodologies,  technologies 
and  processes  monitored  scientifically.    Primarily, 
Some technological tests have been carried out. They 
were  intended  to  settle  the  physical,  chemical  and 
mechanical features of the materials used in  the Sassi 
houses’ (tufa, mortar, plastering) in order to assess the 
used materials'  (physical,  chemical  and mechanical) 
compatibility.  If  necessary,  it  is  possible  to  use  new 
materials during restorations and also for the choices 
carried  out  during  the  interventions,  as  in  the  case 
of using a specific inorganic reinforcing agent of the 
rocky  mass  or  typical  dehumidifying  plastering.  In 
effect, the reinforcement and restoration interventions 
Figure 9.
Planimetry of the compartment 
subject to intervention








Habitat).  These  tests  have  allowed  us  to  know  the 
chemical and physical properties of materials and to 
determine their mechanical characterization.
Building  upon  the  achievements  of  the  performed 
analysis, an experimental activity in the laboratory was 
carried out with the intent to improve the characteristics 
of  calcarenite  drawn  from  hypogeal  structures 
through the application of consolidation. The hygienic 
restoration of the underground structures in the Sassi 






that  the  treatment  guarantees  the  walls  have  good 
“perspiration”  in  order  to  avoid  the  formation  of 
superficial layers that could, over time, break-off when 
under pressure from the water present in the walls to 
be treated. A product  that helps  to stop humidity  in 
the  walls  must  be  used,  slowing  down  perspiration 
and eliminating eventual water residue on the walls. 
This  can  be  achieved  through  thermo  ventilation 
and  forced  air  exchange.  The  underground  walls 
act as a sort of “sponge”, consequently with a sort of 
“drainage effect” that once dried, reabsorbs the water 
present  in  surrounding  areas,  which  is  then  in  turn 
given  off  as  humidity  into  the  environment  (Guida, 
2013). The solution to the problem clearly lies in the 
intervention of  the regulation of both the amount of 









Volume 1 Is 1
43
Figure 10.
Section of the compartment 
subject to intervention
environments  being  studied,  which  were  treated 
with  a  stabilizing  material.  An  inorganic  material 
with  specific  characteristics  that  are  well  suited  to 
the  needs  of  the  site  was  used  for  this  experiment: 
reinforcement that doesn’t impede the characteristics 













The  results  obtained  have  been  confirmed  both 
by  visual  comparison  as  well  as  using  images  from 
electric  scanning  microscopes,  of  all  samples.  The 
best mixture used  for  intervention was  the P.S. one, 
in  fact,  it  has  the best  response  in  terms of density, 
porousness  and  variation;  the  best  visual  impact,  in 
the almost unaltered coloration of the rocks; in the net 
improvement of the technical characteristics.
Aside  from  the  results  obtained  from  the  following 
experiments, the choice to use the P.S. mixture and not 
the other two for reinforcement is due to a prediction 
of  greater  durability  for  the  intervention,  because 
such  a  product  has  the  same  base  composition  as 
the  original  rock  and  hypothetically  it  should  have 




than  those  recreated  in  the  laboratory.  After  just  a 
few months  from  the  application  and  with  the  only 





The  same  campaign  of  technological  tests  was 
performed  on  samples  of  plaster  used  in  previous 
interventions  of  restoration,  but  already  strongly 
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Figure 11.
Sample treated with P.S. 
Figure 12.
Electron microscope images 
after consolidation with P.S
Figure 13.
Electron microscope images 
after consolidation with P.S.
Figure 14.
Application of macroporous 
plasters
Figure 15. 16.
Inside of the Hypogeum after 
recovery with application of P.S 
and macroporous plaster
Figure 17.
Data sheet of the Hypogeum 
after recovery with application 
of P.S.
lime and cement. This type of mortar was found to be 
slightly  porous,  or with  non-homogeneous porosity, 
and  in  any  case  not  sufficient  to  accommodate  the 
salts crystallization, and it was as well little permeable 
to water vapor.
In  these  cases,  the  use  of  macroporous  plaster  is 
particularly  suitable.  They  have  macro-porosity 
that  allows  the  elimination of  the humidity by water 
evaporation.  They  are  compatible  with  the  existing 
masonry because they are less rigid than cementitious 




At  this  point,  we  have  tested  in  situ  two  types  of 
macroporous plaster of  two different manufacturers. 
The  plasters  were  applied  for  small  samples  with 
identical  dimensions  on  the  same  wall  at  the  same 
site, so with the same environmental conditions.
The  first  qualitative  and  visual  feedback  were  done 
limited to the scope and to the short time observation 
(just  a  few months).  Between  the  applied  products, 
Terrasan  Calcideis  the  one  having  less  alteration 
ant  not  having  stains  and  traces  of  efflorescence. 




Upon  completion  of  the  experimental  phase,  we 
have  identified  the  useful  parameters  to  define 
the  reliability,  durability  and  compatibility  of  the 
materials, in order to define the "maintainability" and 
"life  cycle" of  the  individual  components  and/or  the 
entire intervention recovery.
These  requirements,  classified  also  as  a  function  of 
their effects with a typical downward trend, highlight 
the advantages, limitations and possible intervention 
alternatives,  selecting  the  most  compatible  and 




These  summarizes  the  characteristics  of  the  used 







The  above  described  data  sheets  of  restorations 
are  important  to  verify  the  chosen  procedure  and 
to  subsequently  validate  the  intervention  with  the 
satisfaction of the listed requirements.
Figure 18.
Data sheet of the 
Hypogeum after recovery 
with application of P.S.
CONCLUSIONS
The retrieval and change process of a historical area 
such  as  the  one  of  “Sassi  of  Matera”  and  however 
of  every  historical  built  context,  requires,  without 
any doubts,  a  particular  focus  on  all  past memories 
as  regards  traditional  building  techniques  and 
processes.  And  whereas  such  memories  meet,  it  is 
possible  to  start  some  experiments  of  what  today 
is  the  applying  technical  luggage  related  to  the 
construction  and  building  retrieval  field.  Welfare 
problems, comfort, applicability of modern materials, 





Intervention  monitoring  and  experimental  sampling 
of  historical  materials  will  allow  to  acknowledge 
faithfully  how  materials  and  building  techniques 
must  necessarily  act  as  mediators  and  at  the  same 
time it will consider alternative,  innovative and more 
sophisticated  techniques  as  examples,  in  order  to 
keep a good compatibility between past and present.
And  it  is  only  by  considering  the  impact  of 
modernization on an ancient context such as this,  that 
the  subject  of  intervention durability will  necessarily 
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NOTES
1.  Matera  is  the  second  most  populated  city  of  the  Basilicata 
(Southern  Italian  region). On 17 October 2014,  it was designated, 
together with Plovdiv, as European Capital of Culture 2019 Matera. 
2.  The  grabiglioni  had  torrential  regime  and  were  powered  by 
runoff  water  from  the  hills  above.  In  the  last  century,  these  two 







4.  The  Calcarenite  of  Gravina  is  constituted  by  both  bioclastic 
and lithoclastic calcarenites with a grain variable from silt to gravel. 
These calcarenites, cemented and thickened to a varying extent, are 
stratified  into  large  layers  in horizontal position or slightly  inclined 
and dipping.
5.  The  Lamione,  in  its  essential  form,  is  made  by  the  extension 
outside  of  the  barrel  vault,  the  carrier  of  the  hypogeal  home, 
supported by massive  stone  side walls  and  closed by  a  third wall 
where there is the entrance door.
6.  The three elements making up the rocks are generally skeleton, 
matrix  and  cement.  Skeleton  usually  consists  of  lithic  fragments 
of  pre-existing  limestone  and  fossil  residues  of  various  types  of 
organisms.  The greater or  lesser predominance of  each one over 
the other one characterizes its compactness. Matrix,  in case it  is of 
carbonate  kind,  consists  of  tiny  fragments  of  the  constituents  of 
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